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CHAPTER I

INTRODUCTION
Schools are big business today. One-fourth of the
people in the United States spend their working day in
schools as pupils or teachers. The value of existing
school plants, public, private, and church related, is
conservatively judged to be on the order of $30 billion.
This is roughly four times the assets of General Motors.
Educational building for 1960 is estimated at $3.2
billion, more than the assets of our richest railroad,
the Pennsylvania (4:4)~
Costs of nearly everything that goes into construction
have increased in a comparable manner.

According to recent

statistics, the cost of the following building materials has
increased tremendously over the last twenty year period:
structural steel 215 per cent, face brick 200 per cent,
common labor 330 per cent, skilled labor 220 per cent, and
materials and components of construction 200 per cent (14:3).
Despite these enormous increases, the American public
gets more for its school building dollar than for almost any
other construction dollar.

School construction cost increases

have been typically far below other construction costs during
the past twenty years.

Whereas school building costs have

increased 150 per cent--all buildings have gone up 210 per
cent, general construction 275, medium priced brick residences
225, medium priced frame residences 228, and highway construction 200 per cent (17:486).
How can this economy be explained?

What is there
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about school construction that makes it cost less than other
forms of construction?
architectural planning.

The answer lies with educational and
True economy is achieved by bringing

as many favorable factors as possible into the total planning
scheme.

Basically, economy could be considered as (1) the

prudent use of space, (2) the selection and utilization of
the most appropriate construction materials, and (3) the use
of creative and effective design.
Many favorable facto'rs may be brought into play, ranging from the selection of the architect to the shape and
geometry of the physical plant.
Many boards have thought they might save by employing
young architects or those not yet familiar with the school
field. Many such a young man or nonspecialist has come
up with fine ideas by virtue of his freshness of thinking.
For the board that does not want meanwhile to risk paying
for his mistakes, there is an expedient not known to all:
the possibility that architects can work in association-a young man or beginner doing the work but associating
with an experienced man or firm which will check his errors
like a sort of elder brother. The cost to the board is
no greater and the result may be splendid (6:7).
It was the purpose of this paper to point out the factors
pertaining to educational and architectural planning, construction details, and contracting which collectively tend to lower
the building expenditures.

Specific architectural details

such as wall cost comparisons, structural framing, and material recommendations have been purposely deleted.

The sugges-

tions presented herein, general in nature, do not seriously
restrict architectural imagination, ingenuity, or creativity.

CHAPTER II
EDUCATIONAL AND ARCHITECTURAL PLANNING
Don't expect the architect to make the educational
decisions necessary before planning the building. He
may help, but it is not his job. The school's ability
to define with all possible precision such factors as
these is necessary for the architect in his planning:
The number and ages of children to use the building at
various times in its lifetime, including the likelihood
of future expansion or contraction. The teaching
methods. The equipment to be used, i.e., television,
projection equipment, etc. The organization contemplated,
i.e., will the school be subdivided into little schools
or clusters of classrooms? If it is to be subdivided,
what way? Why?
Objectives must be clear in regard to the large spaces,
i.e., how much auditorium ana for what--drama, lecturing,
school meetings, connnunity use? What percentages of the

children must be seated at once in the cafeteria? Will
they dine, or will it be mass feeding? What kind of
physical education program is contemplated? What will be
the subject matter and how will it affect the spaces,
i.e., science and language laboratories, vocational
programs, music programs, home economics, etc.? What
will be the sizes of groups to be brought together for
instruction? Will there always be 30 or 35 students and
an instructor? Or will there be individual work space
and spaces for groups of 15, 30, 50, 100, or more?
What facilities are needed for teachers? Will they
need office spaces for teaching teams, departments, etc?
What is the need for administrative and guidance facilities? Should they be centralized or decentralized? In
short the school board must know the type or kind of
facilities to be provided and the numbers to be accommodated in each. These two sets of requirements determine
two-thirds of the size of the building.
With an architect and a program--at least a preliminary program--it is possible to begin designing the school

(4:71).
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I.

SPACE REQUIREMENTS, ALLOCATION, AND DESIGN

Since 1951 there has been a steady reduction in the
average number of square feet of floor space per pupil.
To illustrate: The average number of square feet in a
20-classroom elementary school in the State of Washington
has been reduced from more than 43,000 square feet in
the pre-1951 building to approximately 38,500 square
feet in the average school constructed today. Similar
reductions have been made in junior high schools. Prior
to 1957 the average junior high school in this state had
115 square feet per pupil, whereas today's junior high
schools are being designed with 100 square feet or less
per pupil. Senior high schools constructed prior to
1957 had from 150 to 160 square feet of floor space per
pupil. Now senior high schools are being designed with
as little as 130 square feet of space per pupil.
Much of this reduction in the over-all space of school
buildings has been effected through cutting down on nonteaching areas in stairways, attics, and basements;
providing for multiple use of dining areas; reducing the
capacity of auditoriums • • • and making more effective
use of multipurpose space (12:188).
Corridors.

School corridors should be of minimum

width and take up a minimum amount of space.

If possible,

multiuse can be achieved by incorporating into classrooms as
alcoves or adjuncts.

In some schools, corridors are designed

to serve as auxiliary teaching areas.

Outside corridors

should definitely also be considered.
Kitchens.

The central district kitchen idea should

be thoroughly explored.

Individual schools could be equipped

with mere service kitchens to distribute the food by food
carts to the various home rooms.
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The use of small serving kitchens in individual
buildings, together with one or more central kitchens for
the entire school district, has effected considerable
savings in the purchase of expensive kitchen equipment
as well as in the provision of space. Some school districts
are providing an airline type lunch with disposable dishes
(12:188-189).
;
Storage.

Commercial preconstructed storage cabinets

offer definite advantages.
The better equipped the classroom, the more acute the
storage problem. Fortunately, storage is one area where
both the manufacturers and the school designers shine.
In fact the problem is ·not finding good storage units in
the first place, but fitting them into the classroom without cutting down on teaching space. Ordinary ingenuity
is one answer: for example, unit ventilators--the kind
that go under classroom windows--can now be bought in sets
with metal shelving to fit in the spaces between them,
spaces that might otherwise be wasted. Another answer is
what is called dual usage: the combination of storage
with display, or storage with chalkboard, into what is
known as a working wall. Custom built, but of standard
components, these walls can be set up permanently to
assist as sound buffers between classrooms, or for that
matter, within a single classroom where certain group
activities noisier than others have to be allowed for.
Still a third answer is, again, flexibility. Some
of the more sensible new storage pieces come on wheels
so that they can be rolled to the part of the room where
they will be actually used, then rolled out of the way
(perhaps into their place in the working wall) when they
are finished with. One such wagon can be outfitted with
audio-visual devices, projector, tape recorder, etc., and
travel from room to room where needed. Naturally these
days storage stacks too--again, for flexibility (9:171).
Classrooms.

Teaching areas should be designed for

greatest flexibility and utilization.
should be held down to a minimum.

Little-used space
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II.

COMBINATION FACILITIES

Corridors, cafeterias, auditoriums, and classrooms
can all serve a double duty.

Large gyms can be subdivided by

folding doors into two teaching areas, out of door areas can
be utilized, auditoriums can be built for fifty per cent of
the school enrollment, classrooms can be subdivided by folding
or movable partitions, and interrelated areas can be similarly
situated so as to allow fo~ joint use of necessary facilities.

III.

BUILDING SHAPE AND PERIMETER

Building geometry should incorporate straight wall
lines and approximate a square as nearly as possible.

Long,

narrow layouts with high ratio of wall area to floor area
should be avoided.

Corridors should open into shortest length

of classroom perimeter.
Where it has been possible to plan school on a single
floor these have generally been less expensive. Last
year (1952) 76% of all schools built were one story and
the proportion is rising. Safe upper floors require firesafe stairs and most costly Class A or B fireproof or
fire resistant construction, whereas a ground-level onestory school offers instant evacuation of pupils and may
justify use of less precaution in all the structure (6:4).

IV.

EXTERIOR DESIGN

Outside areas should be simple and well proportioned.
Brick and other masonry should not be used in intricate
patterns as this will tend to increase the number of man hours.
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V.

REPETITIVE FRAMING AND MODULAR CONSTRUCTION

Between 40 and 70 per cent of construction cost is
for labor.

Any means of reducing man-hours directly affects

the final cost.

Simplification of architectural design,

preconstructed cabinet work, modular structural units in
recurring sizes, prefabricated parts, and the use of large
unit materials in standard sizes all tend to minimize construe~
tion time.
Although it is not possible to assign a comparative
quantitative value to potential economy, there is no
doubt that the full utilization of modular principles
is one of the most fruitful paths for future development
of economies. Ultimately it may offer more promise of
economy than any other currently known technological
concept (2:83).
Prefabricated framing systems permit early roofing
over and closing in and tend to reduce over-all man hour time.
Industry definitely achieved merit through modern technological advancements.
It is the architect, often industry's greatest critic,
who now applauds industry for its progress, though
tempering praise with warnings of pitfalls. Says John
McLeod, for example: "What I would propose to industry
is this: concentrate on producing more and more complete
assembltes of component parts of structures and accessories,
so that advantages of mass production in reduced costs and
accelerated delivery schedules will benefit all. The
advantages are obvious: a wide range of selection among
products, retention of traditional practices of competitive pricing and public bidding, and, most important of
all, freedom to plan a school building, using these
standard components, but in such a way that it will function
for the betterment of the educational processes, rather
than to strangle them." (8: 142).
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VI.

MATERIALS

It may be found advantageous to consult local
contractors in regard to the availability of materials and
the possibility of using favorable substitutes.

Durability

and maintenance of all materials is definitely a factor to
be considered.

VII.

FOUNDATIONS

Foundations should be designed for imposed loads and
not according to arbitrary practice.

Slab-on-ground construc-

tion is subtable with favorable soil conditions by utilizing
depressed tunnels for service conduits, plumbing, heating,
and wiring.

Wall footings should be eliminated where light

loads are involved.

CHAPTER III
CONSTRUCTION DETAILS
~

construction.

Exterior walls should be made from

light colored, light weight blocks which do not require painting.

Frameworks should be of the skeleton type with steel or

concrete columns, repetitive modular units if possible.
Windows should be continuous rather than intermittent.

Thermal

insulation should be encompassed into wall and roof construction, thus reducing annual operating costs (2:84).
Interior construction.

Interior walls can be made

from aggregate blocks with masonite from floor to wainscot
and plaster limited from chalkboard to ceiling.

If possible,

interior walls should be non weight bearing partitions.

All

materials should be attractive as well as functional.
Roof construction.

Schools should encompass flat,

sloping roof deck-ceiling combinations with exterior overhangs to reduce labor costs, eliminate eaves and downspouts,
and control the sun.

Ceilings should be reduced to approxi-

mately 9 or 10 feet.

If utilized, sky domes and other means

of daylight skylighting reduce costs of electrical maintenance.

Floor construction.

Floor covering should consist of
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a basic insulated concrete slab, 1/8" asphalt tile covering
for all educational teaching areas, long-lasting, easily
maintained terrazzo floors for halls, impervious tile for
toilet areas, and grease-proof asphalt tile in kitchen areas.
Plumbing.

Simple fixture, standardized plumbing--

possible off-site plumbing assemblies--should be used in
meeting building requirements as set down by the state for
toilets, drinking fountains, etc ••

If possible, rest rooms

should be located near auditoriums and other large group
areas.

Ideally, boys and girls rooms should be situated back

to back for easy servicing of plumbing.

Hand operated drink-

ing fountains and trough-type urinals and wash basins should
be considered.
Lighting.

The orientation of the building to a north

and south direction will facilitate better natural classroom
lighting and more uniform natural ventilation.

Lighting

fixtures should be selected on the basis of output and resistance to dust collection.

Separate light switches should be

installed for rows of lights parallel to the windows.
Heating.

Ideally the heating plant should be so

structured that zones of the building could be heated independently from the building as a whole.

Standard household

units have been found satisfactory located between ordinary
classrooms.

Any system should only allow for proper
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temperature during pupil use and not necessarily for the
coldest extremes during the year.

Fuels should be selected

on the basis of B.T.U.'s produced per dollar, the cost varying, of course, with the locale.
One method of saving on the cost of the heating
system is to avoid overdesign. Heating systems need not
be sized for extreme conditions which may occur once or
twice a year, but should be designed on the basis of the
established outdoor design temperature for the area.
Moreover, the minimum temperatures used in establishing
these design standards usually occur only at night-suggesting that for school design purposes even these
may be too high. Remember also that any heating system
can be run above rated capacity for short periods. The
American Society of Heating, Refrigeration, and Air
ConditioninI En!ineers' Guide, a yearly publication, is
the most re iab e source of data on this subject (4:93).
Ceilings.

Acoustical treatment is not usually necessary

in such areas as kitchens and toilet rooms because of the
cleaning and abuse respectively.
Painting.

New plaster ceilings are better left

unpainted until the walls have received the first repainting.
Classroom paint should be selected on the basis of the lighting qualities so that the whole environment performs to the
maximum.

Painting should be avoided in such non educational

areas as storage areas, boiler rooms, custodial spaces, and
similar rooms.

CHAPTER IV
CONTRACTING THE WORK
I.

DRAWINGS, PLANS, AND SPECIFICATIONS

Architectural plans should be simple, complete, and
definite, not too restrictive, and yet flexible enough to
allow the school plant to adapt to future changes.

All over-

designed non-essential structural and design elements should
be eliminated.

Alternates offer definite advantages, espe-

cially when they allow for new and experimental building
materials or methods.
When simplicity is designed into a building every
detail must be checked. The designer must have a complete
knowledge of the over-all structure together with a
knowledge of construction methods. For example, designers
working out the details of the window installation must
so design the frame and housing that a standard size steel
window can be set in place with a minimum amount of labor
and yet achieve a product that will be both permanent and
weathertight. Simplicity of design and detail must be
considered above all in every part of the structure
because only through simplicity can economy in labor be
achieved (14:73).

II.

ADVERTISING FOR BIDS

Bids should be let out near the time of actual construction and, if possible, during the late fall or winter low
building activity periods.

Advertising for bids should be in

broad geographic areas to encourage lively competition in
bidding.

Approximately four weeks should be allowed for
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bidding so that the contractors have sufficient time to obtain
dependable bids from subcontractors and suppliers.

Contracts

should allow a reasonable amount of time for project completion to avoid "cushioning."

As a rule, the fewer the number

of skilled trades and subcontractors, the lower the final cost •
• • • Experience indicates that the best month of the
year to obtain favorable bids on construction are January
and February. During these months contractors line up
their work for the ensuing season, and usually there is
considerable competition in bidding. If construction
activities in a particular area are at.a high peak, it
is often wise to defer the calling for bids on a school
building project until there is a slackening in connnercial
and industrial construction. When bids are unusually
high it is sometimes necessary to reject the bids and wait
until a more favorable period.
In general the fewer the number of skilled trades
involved in any school building project the more possibilities there are of economies. An illustration of this
came to • • • attention recently. In this particular
instance the school directors had the impression that
glazed tile block used in toilet rooms, shower and dressing rooms, and kitchens was particularly expensive. However desirable it might be from the maintenance standpoint,
it was their opinion that the costs would be prohibitive.
A detailed analysis of the comparison of a stud wall with
lath plaster, pressed wood wainscoting, and painting
revealed that glazed tile block in rooms where there was
a uniform ceiling height of 8 feet was 30 cents a square
foot cheaper. The analysis revealed that while the glazed
tile block was more expensive only one trade was involved
in setting up the tile block. In the other process, five
trades were involved (14:74).

III.

BONDING

The wise school district usually develops a prospectus
to let the investment field have a knowledge of the district's
assets and future growth.

Such a technique tends to convince
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potential buyers of the soundness of the investment.
Monies should be borrowed at times of favorable
interest.
The tiny figure of 1% sounds so small that an inexperienced board may miss its enormous importance in school
financing. Yet a community that pays 3% instead of 2%
on its bonds--a 1% difference--must realize that this is
equal to paying about 20% more for land and construction!
This is an error which impatience has brought about all
too often. No architect, no school consultant, no
engineer, and not all three in combination, can easily
make up such a loss of funds; and successful boards must
watch the bond market with hawklike sharpness (6:7).
Bonds should be geared to appeal to the broadest group
of buyers.

For the most part, serial bonds tend to do this

job best.
Much of the derived bond money may be held in a bank
for several years during construction.
made to work .!.Q.! the district.

This money should be

Investments in short term

U.S. government securities are often helpful.

SUMMARY
Economical school building construction is no simple
matter, however it can be done.

Savings can definitely be

had if there is a genuine desire on the part of school
authorities, architects, engineers, and school patrons in
planning attractive, low-cost plants.

No one factor will be

a panacea for all economical obstacles, but by bringing as
many favorable factors to bear as possible, true economy may
often be accomplished.
And finally, education is for perpetuating and,
hopefully, improving our culture by transmitting it to
the young. The schoolhouse, because it stands there to
be seen, speaks of the intentions of the community
toward the children. Any school you build either helps
to anchor the people to the community or, instead, hasten
their departure. The schoolhouse more than any other
structure in town declares the public intention to press
on, to rest awhile, or to go back. Winston Churchill
said it best: "We shape our buildings; thereafter they
shape us" (4:139).
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